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Differences in how individuals cope with stressful conditions (e.g. novel/unfamiliar environment, social isolation and increases
in human contact) can explain the variability in data collection from nutrient digestibility trials. We used the collared peccary
(Pecari tajacu), which is under process of domestication and shows high individual behavioral distinctiveness in reactions toward
humans, to test the hypothesis that behavioral differences play a role in nutrient digestibility. We assessed the individual
behavioral traits of 24 adult male collared peccaries using both the ‘behavioral coding’ and the ‘subjective ratings’ approaches.
For the behavioral coding assessment, we recorded the hourly frequency of behaviors potentially indicative of stress during the
30-day habituation period to the experimental housing conditions. The subjective ratings were performed based on the
individuals’ reactions to three short-term challenge tests (novel environment, novel object and threat from a capture net) over a
period of 56 days. During the last 26 days, the collared peccaries were fed diets either high (n= 12) or low (n= 12) in dietary
fiber levels, and we determined the total tract apparent digestibility of nutrients. The individual subjective ratings showed
consistency in the correlated measures of ‘relaxedness’, ‘quietness’ and ‘satisfaction’ across the three challenge tests, which were
combined to produce z score ratings of one derived variable (‘calmness’). Individual frequency of BPIS/h and calmness scores
were negatively correlated and both predicted the total tract digestibility of acid detergent fiber (ADF), which ranged from 0.41
to 0.79. The greater the calmness z scores (i.e. calmer individuals), the greater the total tract digestibility of ADF. In contrast, the
higher the frequency of BPIS/h, the lower the total tract digestibility of ADF. Therefore, our results provide evidence that by
selecting calmer collared peccaries, there will be an increase in their capacity to digest dietary fiber.
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Implications
This study is one of the first to show that individual differences
in behavior are related to the variability in data collected from
in vivo digestibility trials. One of the main findings is that, in
response to novel/unfamiliar environments, individuals that
are better able to cope with stressful situations show improved
dietary fiber digestibility. Researchers usually select less excit-
able animals in response to novel/unfamiliar environments
and human proximity to participate in digestibility trials,
and this procedure may therefore cause a bias in their
results. In turn, our results suggest that the selection of
calmer animals has the potential to improve their feed effi-
ciency, productivity and welfare.
Introduction
Many studies show consistent behavioral and physiological
differences between individuals within a population of both
wild (e.g. squirrels (Tamiasciurus hudsonicus: Westrick et al.,
2019; bank voles (Myodes glareolus): Mazza et al., 2019) and
domestic animals (e.g. beef cattle: Neave et al., 2018; pig:
Horback and Parsons, 2018). This behavioral variation is an
adaptive strategy that can affect the evolutionary fitness of
the species (Sih et al., 2004; Koolhas, 2008). Researchers use
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different concepts and terms to study individual behavioral
distinctions, such as temperament, behavioral syndromes,
coping styles or personality according to the approach used
(see MacKay and Haskell (2015) and Finkemeier et al.
(2018) for critical reviews of terminology, definitions and
frameworks).
Overall, personality refers to behavioral and physiological
differences that persist throughout time and across differ-
ent contexts and ecological situations (Sih et al., 2004;
Dingemanse and Réale, 2005), which can be evaluated
in five major dimensions: shyness/boldness, exploration/
avoidance, activity, sociability and aggressiveness (Réale
et al., 2007). Assessing the personality of individuals is
a very complex task, as researchers need to perform sev-
eral behavioral tests in different contexts/situations and
must repeat those tests at least once throughout the life
of the animal (Finkemeier et al., 2018). Thus, under on-
farm conditions, researchers usually apply behavioral tests
to assess repeatable and consistent individual differences
in behavior when facing a range of stressful challenges,
such as responses to a novel environment/object or to pre-
dation risk, described as ‘coping styles’ that range along
exploration/avoidance, shyness/boldness or activity continuum
axes, for instance (Réale et al., 2007; Koolhas et al., 2010).
Thus, coping styles represent a sub-aspect of the personality
concept (Finkemeier et al., 2018), and this is the approach
we adopted here to investigate the differences in how the
animals react when confined with close human contact.
Individual differences in behavioral traits stem from indi-
vidual differences in the response to stress of the hypotha-
lamic–pituitary–adrenocortical axis (e.g. sheep: Fürtbauer
et al., 2019; pig: Hervé et al., 2019), and those differences
are important from an animal husbandry perspective
because they have implications for performance, reproduc-
tion, health and welfare (Voisinet et al., 1997; Ruis et al.,
2002; Holl et al., 2010). Differing physiological responses
to stress can result in differences in food intake, for exam-
ple. On the one hand, more excitable individuals, i.e. not
adapted to handling practices, usually have lower feed intake
than the calmer ones, which ultimately results in lower aver-
age daily gains (e.g. beef cattle: Cafe et al., 2011; Llonch et al.,
2016; pig: Yoder et al., 2011; Rohrer et al., 2013). In turn, these
differences in feed intake can either decrease or increase
nutrient digestibility coefficients (Robbins, 1993). Therefore,
differences in how individuals cope with stressful experimental
conditions can be related with the variability in nutrient digest-
ibility trials within the same dietary treatment (e.g. pig: Pérez
de Nanclares et al., 2017; Ouweltjes et al., 2018; buffalo:
Negesse et al., 2016).
To determine in vivo nutrient digestibility coefficients,
experimental animals are usually maintained under relative
isolation in metabolism cages, allowing separate collection
of feces and urine samples. This condition exposes animals
to novel/unfamiliar environments, resulting in stress because
of increased social isolation and contact with humans. It can
compromise the affective state of the experimental animals
(Oliveira et al., 2016).
The collared peccary (Pecari tajacu) is a key species for
food security in Neotropical countries (Nogueira et al.,
2010). It is under domestication in Brazil and other Latin
American countries (Nogueira and Nogueira-Filho, 2011).
Nevertheless, the domestication process of the collared
peccary is still in its infancy; thus the species has not
yet gone through an extensive process of selective breed-
ing by man for production traits focused on those individ-
uals that are calmer, quieter and less active, which
livestock herds of common domestic species have already
gone through for millennia (Robert et al., 1987; Rauw
et al., 2017). As a consequence, the collared peccary still
shows high individual behavioral distinctiveness in reac-
tions toward humans (Nogueira et al., 2015). From a nutri-
tion perspective, the collared peccary is predominantly
frugivorous (Kitie, 1981; Olmos, 1993; Keuroghlian and
Eaton, 2008). Despite being non-ruminant, it is a foregut
fermenter (Langer, 1978 and 1979) that ferments dietary
fiber with relatively high efficiency (Comizzoli et al., 1997;
Nogueira-Filho, 2005; Nogueira-Filho et al., 2018), thanks
to a symbiotic microbiota in its foregut. Additionally, the
species benefits from microbial metabolites produced in its
complex stomach (Elston et al., 2005; Oliveira et al., 2009;
Borges et al., 2017). Therefore, collared peccary has a
digestive physiology closer to ruminants than to that of
domestic pigs, as originally stated by Langer (1978 and
1979). Collared peccaries fed the same diet showed high
variability in the total tract digestibility of neutral deter-
gent fiber (NDF) and acid detergent fiber (ADF), which
ranged from 0.46 to 0.72 and from 0.54 to 0.72, respec-
tively (Nogueira-Filho et al., 2018). Such characteristics
make the collared peccary a useful model in which to test
the hypothesis that individual behavioral differences are
linked to differences in nutrient digestibility.
Therefore, we investigated whether the behavior of col-
lared peccary was related to nutrient digestibility; if so, we
predicted that calmer individuals would show higher feed
intake, BW gain (BMG) and nutrient digestibility than the
ones less adapted to experimental conditions.
Material and methods
Animals, housing conditions and procedures
The experiment took place at the Laboratory of Neotropical
Animal Nutrition of the Universidade Estadual de Santa Cruz,
Bahia, Brazil (14°47’39.8”S, 39°10’27.7”W) in full compli-
ance with the national legislation on animal care (authoriza-
tion for experiments on captive wild animals, #1/29/2001/
00022-7 by the Brazilian government’s environmental agency
and authorization to experiments on living animals by the
Animal Use Ethics Committee of the Universidade Estadual
de Santa Cruz through protocol # 0102012). This experiment
was conducted in association with a larger study designed,
inter alia, to evaluate the relationship between individual
behavioral differences with total tract nutrient digestibility,
gut microbiota diversity and health of the collared peccary.
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In the digestibility trials, 24 adult male collared peccaries,
with an initial BW of 21.6 ± 0.7 kg and average age of
2.5 years, purchased from a commercial farm, were used
in digestive trials. After being weighed and dewormed, the
animals were housed in one of the six individual 11.3 m2
(7.5 m × 1.5 m) pens. Each pen was divided into two sec-
tions: a covered area of 3.0 m2 – named the metabolism
pen – had a wooden lattice suspended floor that allowed
the feces and urine to be collected separately, and an addi-
tional area, comprising a partially sheltered area and a ‘solar-
ium’, which allowed unobstructed exposure to natural
sunlight, with a cement floor, as previously described by
Borges et al. (2017). The walls between pens consisted of
1.5 m high wire fencing, and these divisions were covered
with white canvas to prevent the animals from seeing neigh-
boring pens, thus minimizing visual interference from ani-
mals in adjacent pens. The whole experimental procedure
described hereafter was repeated four times until all 24 ani-
mals had been assessed.
Each experimental trial lasted for 56 days, including
30 days of habituation to the experimental conditions, 20 days
of adaptation to the experimental diets differing in fiber con-
tent as explained below and 5 days of digestive trials. On the
first morning following the end of the digestive trials (56th
day), we collected the data of the threat test (described below)
and weighed the animals, which were used in a companion
study (Cairo, 2018). During the habituation period, peccaries
received water ad libitum and were fed the same diet as on the
farm they were coming from. It was made of grain corn and
soybean meal, grass and seasonal fruits, such as banana,
papaya and jack fruit mixed with mineral salt, resulting in a
diet with 140 g/kg of CP and 14.5 MJ/kg of digestible energy
(DE) on a DM basis, following recommendations of Borges
et al. (2017). Thereafter, animals were adapted to the experi-
mental diets for 20 days, and the last 5 days were used to
perform a digestive trial.
Individual behavioral distinctiveness assessment
We assessed individual behavioral differences among col-
lared peccaries under experimental conditions of a digestive
trial using both the ‘behavioral coding’ and the ‘subjective
ratings’ approaches. These methods capture different aspects
of behavioral differences between individuals (see Meagher
(2009) for a critical review and potential shortcomings of these
methods). While the behavioral coding method is more suit-
able to detect the effects of environment/situation variables,
the subjective ratings are more reliable for detecting consist-
encies in animals’ behavior (Vazire et al., 2007). As it is not
known which aspect of the individual differences in behavior
could be related to the digestibility of nutrients, we used both
methods, as recommended by Carter et al. (2012). However,
unlike Carter et al. (2012), we applied the two methods at dif-
ferent times, which allowed us to increase the number and
duration of observations to make behavioral coding more reli-
able, following Meagher’s (2009) recommendations.
The behavioral coding method is based on the direct
behavioral observation of an individual using a predetermined
ethogram, which allows the researcher to measure the varia-
tion in some behavioral elements, such as the frequency of
behaviors potentially indicative of stress (BPIS). In the present
study, we considered as BPIS for the collared peccary’s two ago-
nistic behaviors: ‘tooth clacking’ and ‘whirling’. Both behaviors
were originally described by Byers and Bekoff (1981) as follows:
tooth clacking – described as ‘an explosive series of “pops”
or “clacks”, made by rapid, orthal movements of the man-
dible’ and whirling – ‘one animal rapidly spun to face another
(in our case the animal keeper), the mouth was open’.
Behavioral coding data were collected through continu-
ous focal animal sampling (Altmann, 1974), twice a day dur-
ing the 30 days of the habituation period. Standing 0.5 m in
front of the pen door and using a digital camcorder (model
GZHD500; JVC, Tokyo, Japan) fixed on a tripod, the animal
keeper video recorded each collared peccary’s reactions for
10 min before his entrance into the pen to feed the animals
and clean the pen.
The individual behavioral characteristics were also assessed
by the qualitative behavior assessment (QBA; Wemelsfelder
et al., 2001). The QBA has been successfully used to identify
individual behavioral differences in domestic species such as
Nellore cattle (Sant’Anna and Paranhos da Costa, 2013) and
species under domestication, such as the collared peccary
used as the model animal here (Nogueira et al., 2015).
The QBA approach is based on the use of adjectives as behav-
ioral descriptors, which allows the assessment of the animals’
body language as an indicator of individual behavioral
differences. In turn, the continuous subjective ratings
obtained through the QBA analogue scales detailed below
allow the comparison with the results of the behavioral cod-
ing approach (Carter et al., 2012).
Each individual went through three challenges: new envi-
ronment, new object and threat test. In the new environment
test, we recorded the first reactions (30 s) of each animal
immediately after being released inside the metabolism
pen on the first day of the habituation period. Each individual
was transported using a wooden cage (1.2 m length × 0.6 m
width × 0.6 m height). The transport cage door was opened,
releasing the individual into the metabolism pen. In the new
object test, we suddenly dropped two coconuts inside the
pen and videotaped the animals for 30 s. This test was done
15 days after the new environment test. It started when the
collared peccary turned its head toward the coconuts and
started to look at them. We chose the coconuts to perform
the novel object test because the animals had never seen
them before, in the expectation that their introduction would
increase the exploratory behavior and activity of the animals,
as verified by Oliveira et al. (2016). All individuals were ran-
domly tested on the same morning from 0800 to 0815 h. The
canvas fixed to the walls of the metabolism pens prevented
animals seeing others being tested. After the end of the tests,
the coconuts were removed from the pens, as collared pec-
caries could not open or eat them. Finally, in the threat test,
the keeper entered the pen with a capture net, just before the
animal was transferred from the pens. Again, the test started
only when the collared peccary turned its head toward the
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capture net and appeared to first notice it, and the test lasted
for 30 s. We chose the capture net to stimulate the expression
of defensive behavioral patterns, such as tooth clicking, and
the animals even attacked the net and/or keepers, while
being chased with the net (Nogueira et al., 2015). This test
occurred at the end of the digestive trial on the 56th day.
The relatively short time window of 30 s for the tests was
enough for the observers to rate (see below) the first reac-
tions of the animals to the three challenging situations.
Such a procedure was validated for the collared peccary
(Nogueira et al., 2015).
The video recording of behavioral reactions during the
three tests resulted in 72 video clips of 30 s (3 tests × 24 col-
lared peccaries). The 72 video clips were independently rated
by three observers using an analogue scale following the
QBA approach procedures (Wemelsfelder et al., 2001) based
on 12 adjectives previously validated to assess relatively pos-
itive and negative emotional states of the collared peccary
(Nogueira et al., 2015). The six adjectives that reflected
the positive states were ‘active’, ‘curious’, ‘quiet’, ‘docile’,
‘relaxed’ and ‘satisfied’; while the six that reflected negative
states were ‘fearful’, ‘agitated’, ‘tense’, ‘anxious’, ‘apathetic’
and ‘stressed’ (see Wemelsfelder et al., 2001). All adjectives
were given an explicitlywritten definition tomake the subjective
ratings more reliable, as recommended by Meagher (2009). In
addition, the three observers were experts in collared pecca-
ries’ behavior with experience in the subjective ratings method
and blind to the experimental treatments. In their assessment,
the observers marked a point for each of the 12 adjectives on a
125-mm scale with a minimum value (0) at the left end of the
line representing the absence of the behavioral characteristic.
At the right end, the maximum value (125) represented
the most intense manifestation. The scores were obtained
by measuring the distance in millimeters from the left end
of the line to the observers’ marks.
Digestive trials
In the afternoon of the 30th day of the habituation period,
the peccaries were weighed and randomly allocated to
one of the two experimental diets in a completely random-
ized design. These diets provided contrasting levels of dietary
fiber (low fiber v. high fiber) by varying the proportions of
ground corn, soybean bran, tifton hay (Cynodon dactylon
cv. Tifton 85) and guava fruit (Psidium guajava; Table 1).
The NDF and ADF proportions in the high-fiber diet were
69.2% and 133.4%, respectively, above the maximum rec-
ommendable levels of 281 g NDF/kg of DM and 142 g
ADF/kg of DM for collared peccary (Nogueira-Filho, 2005).
Table 1 Ingredients (g/kg as-is) and chemical composition (g/kg of DM unless otherwise mentioned) of ingredients and experimental diets (as fed
basis) fed to collared peccaries
Ingredients Low fiber High fiber
Corn 836 397
Soybean meal 98 97
Tifton hay 1 50
Guava fruit 60 451
Mineralized salt 4 4
Vit. Px.1 0.5 0.5
Min. Px.2 0.5 0.5






DE (MJ/kg-DM) 15.1 13.3
Ingredients composition Grain corn Soybean meal Tifton hay Guava fruit
DM 930 923 924 190
CP 83 456 24 98
NDF 144 160 923 949
ADF 59 130 399 472
Ash 17 62 105 46
GE (MJ/kg-DM) 16.5 17.6 15.8 15.9
OM= organic matter; NDF= neutral detergent fiber; ADF= acid detergent fiber; DE= digestible energy; GE= gross energy; MJ=mega Joules.
1Vit. Px.: vitamin premix with the following composition: Vitamin A, 1 200 000 IU; Vitamin D3, 1 500 000 IU; Vitamin E, 1 500 000 IU; Vitamin B1, 2 g; Vitamin B2, 4 g;
Vitamin B6, 4 g; Vitamin B12, 20 000 g; calcium pantothenate, 15 g; biotin, 0.10 g; Vitamin K3, 3 g; folic acid, 0.6 g; nicotinic acid, 20 g; Zn bacitracin, 20 g; methionine,
100 g; L-lysine, 300 g; choline chlorine, 100 g; butylated hydroxytoluene (BHT), 10 g; selenium 0.10 g.
2Min. Px.: mineral premix with the following composition: iron, 180 g; copper, 20 g; cobalt, 4 g; manganese 80 g; zinc 140 g; iodine, 4 g.
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After 20 days of adaptation to the experimental diets
(Nogueira-Filho, 2005), each peccary was enclosed in its
metabolism pen, and fecal collection was carried out for 5
consecutive days. In each group of six animals, three pecca-
ries received the low-fiber diet, while the other three received
the diet with high-fiber levels. Diets were offered twice a day
at 0800 and 1700 h, and peccaries had ad libitum access to
food until the next meal was offered. The feed intake was
calculated as the difference between the amount of diet
offered and the refused leftovers. Water was offered ad libi-
tum at all times.
All feed samples, refusals (if any) and voided feces were
collected twice a day, at feeding times. Refusals and feces
were pooled per animal and dried to constant weight at
65°C. The dried samples were ground through a 1.0-mm
mesh screen in a laboratory mill. Ground samples were ana-
lyzed in duplicate following standard laboratory procedures
(AOAC, 2012) for contents of total ash in a muffle furnace
(Association of Official Analytical Chemists, AOAC no.
942.05), nitrogen (N; AOAC no. 977.02; CP= N × 6.25);
gross energy (GE) was measured using an adiabatic calorim-
eter (C200; IKA-Werke, Staufen, Germany). The NDF was
assayed using a heat-stable amylase (AOAC no. 2002.04)
and corrected for residual ash content. The ADF was also
expressed without the residual ash (AOAC no. 973.18).
Daily DM, DE, digestible protein (DP), NDF and ADF intakes
were expressed per metabolic BW (MW0.75).
Data and statistical analysis
Two observers, who were blind to the experimental treat-
ments during video analysis, scored the total number of
BPIS events exhibited by each individual during the 10 min
of recorded focal observations using the ‘all occurrences’
method (Altmann, 1974) by means of the software
CowLog 3.0.2 (Hänninen and Pastell, 2009), considering
each event as an independent BPIS bout. To increase the
method’s reliability as recommended by Meagher (2009),
previously to the analysis of video-images, the observers
were extensively trained to recognize the two coded behav-
iors (tooth clacking and whirling). They started coding the
video-recorded images after reaching high inter-observer
agreement (κ coefficient= 0.89).
After the 11th day, 13 of 24 collared peccaries showed no
occurrence of BPIS, which they showed before, suggesting
that they had become familiar with the experimental condi-
tions, while the other 11 maintained their original reactions.
Therefore, we used only the behavioral data collected during
the first 10 days of the habituation period for the BPIS analy-
sis, totaling 200 min of data collection per individual.
Thereafter, we calculated individual BPIS frequency by divid-
ing the total number of BPIS events by the total time (3.3 h)
each animal was observed.
To analyze the subjective ratings, due to the sample size
(n= 24), we followed the recommendation highlighted by
Feaver et al. (1986) and used non-parametric analysis to
assess individual behavioral characteristics. First, the ratings
of the three observers were converted to z scores [(individual
score - mean)/standard deviation] to reduce the influence of
distributional effects. We then determined the inter-observer
agreement using Kendall’s coefficient of concordance (W ),
for each adjective and test independently. Further analysis
only involved those adjectives that showed inter-observer
coefficients of concordance higher than 0.70 (W> 0.70).
The square of the coefficients of concordance indicates the
proportion of the variance which is accounted for by observ-
ers’ ratings, thus allowing inter-judge agreement on the
retained adjective descriptors to account for over half of
the variance, as recommended by Feaver et al. (1986) and
Meagher (2009). For each of these items, we calculated
the mean value of the observers’ ratings for each collared
peccary in each of the three challenging tests (novel environ-
ment, novel object and threat tests). Thereafter, we deter-
mined Kendall’s coefficients of concordance (W ) of each
adjective among the three tests. We selected for further
analysis only the adjectives that showed inter-test coeffi-
cients of concordance higher than 0.70 (W> 0.70). The
selected adjective mean z scores across the three tests were
then tested for correlations by Spearman rank correlation
tests. Subsequently, we determined the mean z score of
the highly correlated adjective descriptors (Spearman corre-
lation coefficients (r Spearman)> 0.70 and rSpearman<−0.70),
which showed cross-time and cross-situation consistency,
to describe a coping style dimension of collared peccaries.
We used Spearman rank correlation to test the association
between the two approaches to measure individual behav-
ioral differences (hourly frequencies of BPIS – BPIS/h – and
z scores).
To test our prediction of relationship between feed intake,
BWG and nutrient digestibility coefficients of collared pecca-
ries with both the dietary fiber level and the individual behav-
ioral differences, we used a GLM, to compare the DM intake
(DMI; g/MW0.75), the BWG (g/day) and the total tract appar-
ent digestibility of nutrients. The model included the diet (low
fiber v. high fiber) as fixed factor and the calmness z score or
the frequency of BPIS/h as co-variable and their potential
interactions. The residuals from models were checked for
the assumptions of normality of errors and homogeneity of
variance. Additionally, Bonferroni corrections for multiple
comparisons were determined at P= 0.05/8= 0.006 for
GLM analyses. After that, we used the t test to compare
the mean daily intakes of nutrients. We used the Minitab
v. 19.1 software (Minitab Inc., State College, PA, USA) for
all analyses, and P values less than 0.05 were considered sta-
tistically significant for all but the GLM analyses.
Results
Behavioral analyses
During the observations, we recorded 312 events of BPIS,
with greater proportion of tooth clacking (86.2%) than whirl-
ing (13.8%). A high variability was observed between indi-
viduals in frequency of BPIS (BPIS/h), which ranged from 0
to 11.9 events per hour of observation. For the subjective
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ratings, we verified that 8 of 12 adjectives showedW> 0.70
(P< 0.05) for inter-judge concordance (Table 2). Of these, we
verified that five adjectives (relaxed, quiet, satisfied, docile
and anxious) showed concordance (W> 0.70 P< 0.05)
across the three challenge tests (Table 2). Spearman rank cor-
relations among these five adjectives resulted in a single
group of the three highly correlated (rSpearman > 0.70;
Table 3) adjectives – relaxed, quiet and satisfied, which were
combined to yield a coping style dimension named calmness
as follows:
Calmness : mean z scores of the adjectives
ðrelaxedþ quietþ satisfiedÞ=3
Collared peccaries also showed high individual variation
in the calmness z score that ranged from −1.0 to 2.6.
Additionally, a negative correlation was observed between
the frequencies of BPIS/h and the individual mean z scores
on the calmness dimension (rSpearman=−0.45, P= 0.03).
Feed intake, BW gain and total tract apparent
digestibility
There was an effect of diet on the DMI (P< 0.001; Table 4).
There was also an effect of the diet on the BWG (P< 0.001;
Table 4). Collared peccaries fed the low-fiber diet showed
BWG (4.5 ± 4.20 g/day); while animals fed the high-fiber diet
lost (−17.8 ± 2.7 g/day) BW (Table 4).
There were effects of the calmness z score (P= 0.004;
Table 4) and the frequency of BPIS/h (P= 0.005; Table 4)
on the total tract digestibility of ADF. These effects remained
significant after Bonferroni correction for multiple compari-
sons (P= 0.006). The greater the calmness z scores (i.e.
calmer individuals), the greater the total tract digestibility
of ADF (total tract digestibility of ADF= 0.56þ 0.08 calm-
ness z score, F1,22= 12.61, R2= 0.36, P= 0.002, n= 24;
Figure 1a). In contrast, the higher the frequency of BPIS/h,
the lower the total tract digestibility of ADF (total tract digest-
ibility of ADF= 0.61 – 0.01 frequency of BPIS/h, F1,22= 10.27,
R2= 0.32, P= 0.004, n= 24; Figure 1b). There were also
effects of the diet on the total tract apparent digestibility
of DM (P< 0.001), organic matter (OM; P< 0.001) and
GE (P< 0.001). The total tract apparent digestibility values
for DM, OM, CP and GE were higher for collared peccaries
fed the low-fiber diet in comparison to the animals fed the
high-fiber diet (Table 4).
The chemical composition of the leftovers did not differ
from the diets offered, and the dietary fiber levels resulted
in different daily intakes of NDF and ADF (g/MW0.75) accord-
ing to the diets, as expected (Table 5). However, the lower
DMI of high-fiber diet (Table 4) resulted in lower intakes
of DP and DE, in comparison with collared peccaries fed
the low-fiber diet (Table 5), despite the experimental diets
being iso-proteic and iso-energetic (Table 1).
Discussion
Observers rated the reactions of each individual consistently
across the three challenging situations on the measures of
relaxedness, quietness and satisfaction. This means that
the observers picked up on the ‘core’ of individual behavioral
traits that were expressed in a consistent way when they
were facing novel situations in the three challenging tests.
The resulting calmness z scores were negatively correlated
with the frequencies of BPIS/h: the higher the calmness score,
the lower the frequency of behaviors that potentially indicate
distress. Our results also showed large individual variation in
how animals coped with challenges in both approaches
(behavioral coding and subjective ratings), which confirms
the high individual behavioral distinctiveness in reactions
toward humans previously described for the collared peccary
Table 2 Inter-observer and inter-test Kendall concordance coefficients
(W) of z score ratings of captive collared peccaries
Adjective
Inter-observers Inter-tests
W P W P
Relaxed 0.84 <0.05 0.84 <0.05
Calm 0.73 <0.05 0.88 <0.05
Tense 0.54 <0.05 –
Apathetic 0.42 <0.05 –
Satisfied 0.71 <0.05 0.88 <0.05
Docile 0.74 <0.05 0.82 <0.05
Fearful 0.80 <0.05 0.26 >0.05
Agitated 0.80 <0.05 0.14 >0.05
Active 0.41 <0.05 –
Anxious 0.76 <0.05 0.86 <0.05
Curious 0.46 <0.05 –
Stressed 0.76 <0.05 0.20 >0.05
Items in boldface are those in which the inter-observer and inter-test Kendall
concordance coefficients (W ) were greater than 0.70 and thereby qualified
for use in further analysis.
Table 3 Spearman correlation coefficients (rSpearman) of mean z score ratings of collared peccaries
Relaxed Quiet Satisfied Docile Anxious
Relaxed – 0.80 (P< 0.05) 0.82 (P< 0.05) 0.14 (P> 0.05) −0.56 (P< 0.05)
Quiet – 0.79 (P< 0.05) 0.55 (P< 0.05) −0.67 (P< 0.05)
Satisfied – 0.49 (P< 0.05) −0.42 (P< 0.05)
Docile – −0.56 (P< 0.05)
Anxious –
Boldface values represent rSpearman> 0.70 used to combine the ‘calmness’ behavioral dimension of collared peccaries.
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(Nogueira et al., 2015). The total tract digestibility values of
NDF and ADF were similar to the values already observed
for collared peccaries fed diets with similar fiber levels
(Comizzoli et al., 1997; Nogueira-Filho, 2005; Nogueira-
Filho et al., 2018). The digestibility of dietary fiber of collared
peccary is also similar to the digestibility determined in both
domestic and wild ruminants fed diets with similar fiber lev-
els (Van Soest, 1994). This relatively high efficiency in
digesting cell wall contents (NDF and ADF) as verified here
can be explained by the collared peccary’s forestomach,
which has large storage capacity and many folds that slow
the passage of food (Langer, 1979).This results in a compa-
ratively high mean retention time of up to 73 h (Nogueira-
Filho et al., 2018), allowing more time for active microbial
fermentation to occur (Sowls, 1997; Oliveira et al., 2009).
As we hypothesized, there is a strong relationship between
the individual coping style and the digestibility of dietary fiber.
Indeed, frequencies of BPIS/h and individual calmness scores
were both able to predict the digestibility of ADF. We verified
an increase of 8.0% in total tract digestibility of ADF for each
point in the z scores in the calmness dimension. In contrast,
there is a decrease of 1.0% in total tract digestibility of
ADF for each increment in the frequency of BPIS/h. Therefore,
calmer collared peccaries (lower frequency of BPIS/h and higher
calmness z scores) showed higher efficiency in digesting
the ADF.
Contrary to what we expected, no relationship was
observed between feed intake and individual behavioral
traits. For ruminants, the less excitable individuals and those
more adapted to handling practices have higher feed intake
(Llonch et al., 2016; Neave et al., 2018). The same was
observed in pigs; the calmer and docile ones ate longer meals
and spent more time at the feeder, which resulted in faster
growing fatter pigs (Rohrer et al., 2013). In this study, the
lack of a relationship between feed intake and individual
behavioral traits could be explained by the relatively high
water content-holding capacity of guava fruit, which com-
posed almost half of the high-fiber diet, as observed by
Bindelle et al. (2009) in pigs fed sugar beet pulp. The rela-
tively low voluntary intake of the high-fiber diet led to mean
daily intakes of 257.6 kJ DE/MW0.75 and 3.7 g DP/MW0.75.
This DE intake was far below the requirement of this species
– estimated at 420 kJ DE/MW0.75 (Comizzoli et al., 1997) and
slightly above this species’ requirement of DP – estimated at
3.2 g /MW0.75 (Borges et al., 2017) –which resulted in loss of
BW, despite the high levels of energy and protein sources
(ground corn and soybean meal, respectively) in the high-
fiber diet formula. The low voluntary intake of this diet
can probably be explained by the relatively high water con-
tent-holding capacity of guava fruit, which composed almost
half of the high-fiber diet, as observed by Bindelle et al.
(2009) in pigs fed sugar beet pulp. Therefore, farmers need
to dehydrate very juicy feeds given to collared peccaries.
In turn, the comparatively higher DMI of the low dietary
fiber diet led to intakes of DE and DP above the requirements
of the species, resulting in BWG and higher total tract appar-
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the collared peccaries fed the high-fiber diet. In contrast, we
verified lower total tract digestibility of NDF for collared pec-
caries fed the lower fiber diet. Previously it was reported that
the increase in non-fiber carbohydrate in the diet of collared
peccary decreases its potential to digest cell wall contents
(Nogueira-Filho et al., 2018). Therefore, the higher level of
soluble carbohydrates in the low-fiber diet in comparison
with the high-fiber diet – which was not determined in the
present study – probably explains the lower digestibility of
NDF for collared peccaries fed the lower fiber diet, in com-
parison with the ones fed the high-fiber diet.
As far as we know, this is the first study that highlights the
relationships between the individual differences in behav-
ioral traits and the efficiency of dietary fiber digestion, which
may have implications for digestibility trial procedures.
Researchers usually select less excitable animals in response
to novel/unfamiliar environments and human proximity to
participate in digestibility trials, which may cause a bias in
Dig. ADF  = 0.66 + 0.06 z scores  



















Dig. ADF = 0.70  -0.01 Freq. BPIS/h


























Figure 1 Relationship between the total tract digestibility coefficients of acid detergent fiber (ADF; Dig. ADF) of collared peccaries with the individual
‘calmness’ z scores (a) and hourly frequency of behaviors potentially indicative of stress (BPIS/h) (b).
Table 5 Mean daily intakes (g/MW0.75 unless otherwise mentioned)1 of nutrients by collared peccaries that received diets
either with low dietary fiber level (NDF= 193.9 g/kg DM and ADF= 90.8 g/kg DM, n= 12) or with high dietary fiber level
(NDF= 546.8 g/kg DM and ADF= 268.9 g/kg DM, n= 12)
Daily intake Low fiber High fiber t Value P
NDF (g/MW0.75) 7.6 (0.4) 20.0 (0.6) 16.9 <0.001
ADF (g/MW0.75) 3.9 (0.2) 8.4 (0.2) 15.8 <0.001
DP (g/MW0.75) 6.1 (0.2) 3.7 (0.2) −8.6 <0.001
DE (kJ/MW0.75) 422.0 (16.1) 257.6 (7.2) −9.3 <0.001
NDF= neutral detergent fiber; ADF= acid detergent fiber; DP= digestible protein; DE= digestible energy; MW0.75=metabolic BW.
1Standard errors of the means are displayed in parentheses.
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their results. In turn, as behavioral differences are at least
partially inherited (Van Oers et al., 2005), the selection for
calmer collared peccaries, adapted to handling practices,
may improve their nutrient digestibility and, ultimately, their
efficiency in converting feed into growth, meat, offspring,
etc. However, it is important to highlight that we assessed
individual behavioral differences among collared peccaries
under the very restricted experimental conditions of a diges-
tive trial. Therefore, further study should seek more practical
tests for on-farm conditions, based either on behavioral cod-
ing or on subjective ratings, to enable selective breeding pro-
grams including behavioral traits not only for collared
peccaries but also for other species of domestic animals.
Acknowledgements
We are grateful to two anonymous reviewers for helpful
insights and constructive suggestions on a previous version
of the manuscript. We are also grateful to all the staff of the
Laboratory of Neo-tropical Animal Nutrition (NeoNutLab) at
the Universidade Estadual de Santa Cruz. This study was
funded by Wallonie Bruxelles International – Wallonie
Bruxelles International and the Brazilian Coordination of
Improvement of Higher Education Personnel (CAPES Brazil;
Finance Code 001 and CAPES# 021/14); the the Conselho
Nacional de Desenvolvimento Científico e Tecnológico (CNPq;
Processes #303589/2015-9; #04226/2019-0; #303448/2009-
9); Instituto Nacional de Ciência e Tecnologia em Estudos
Interdisciplinares e Transdisciplinares em Ecologia e Evolução
(IN-TREE – Process CNPq #465767/2014-1 and CAPES
#23038.000776/2017-54). We are also grateful for the
scholarships granted to RMB by the Fundação de Amparo
à Pesquisa do Estado da Bahia (FAPESB, Process #6771/
2014) and to SLGN-F by the University of Liège.
J. Bindelle 0000-0001-6974-4313
Declaration of interest
The authors declare no conflicts of interest.
Ethics statement
The protocol for this experiment followed Brazilian laws and
was approved by the Animal Use Ethics Committee of the
Universidade Estadual de Santa Cruz through protocol # 0102012.
Software and data repository resources
The data sets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.
References
Altmann J 1974. Observational study of behavior: sampling methods. Behaviour
49, 227–266.
Association of Official Analytical Chemists (AOAC) 2012. Official methods of
analysis, 18th edition. AOAC, Arlington, VA, USA.
Bindelle J, Buldgen A, Delacollette M, Wavreille J, Agneessens R, Destain JP and
Leterme P 2009. Influence of source and concentrations of dietary fiber on in vivo
nitrogen excretion pathways in pigs as reflected by in vitro fermentation
and nitrogen incorporation by fecal bacteria. Journal of Animal Science 87,
583–593.
Borges RM, Mendes A, Nogueira SSC, Bindelle J and Nogueira-Filho SLG 2017.
Protein requirements of collared peccary (Pecari tajacu). Tropical Animal Health
and Production 49, 1353–1359.
Byers JA and Bekoff M 1981. Social, spacing, and cooperative behavior of the
collared peccary, Tayassu tajacu. Journal of Mammalogy 62, 767–785.
Cafe LM, Robinson DL, Ferguson DM,McIntyre BL, Geesink GH and Greenwood PL
2011. Cattle temperament: persistence of assessments and associations with pro-
ductivity, efficiency, carcass and meat quality traits. Journal of Animal Science 89,
1452–1465.
Cairo PLG 2018. The microbiota of the collared peccary (Pecari tajacu). PhD
thesis State University of Santa Cruz, Ilhéus, Bahia, Brazil.
Carter AJ, Marshall HH, Heinsohn R and Cowlishaw G 2012. Evaluating animal
personalities: do observer assessments and experimental tests measure the
same thing? Behavioral Ecology and Sociobiology 66, 153–160.
Comizzoli P, Peiniau J, Dutertre C, Planquette P and Aumaitre A 1997. Digestive
utilization of concentrated and fibrous diets by two peccary species (Tayassu
peccari, Tayassu tajacu) raised in French Guyana. Animal Feed Science and
Technology 64, 215–226.
Dingemanse NJ and Réale D 2005. Natural selection and animal personality.
Behaviour 142, 1159–1184.
Elston JJ, Klinksiek EA and Hewitt DG 2005. Digestive efficiency of collared pec-
caries and wild pigs. The Southwestern Naturalist 50, 515–519.
Feaver J, Mendl M and Bateson P 1986. A method for rating the individual dis-
tinctiveness of domestic cats. Animal Behaviour 34, 1016–1025.
Finkemeier MA, Langbein J and Puppe B 2018. Personality research in mamma-
lian farm animals: concepts, measures, and relationship to welfare. Frontiers in
Veterinary Science 5, 131.
Fürtbauer I, Solman C and Fry A 2019. Sheep wool cortisol as a retrospective
measure of long-term HPA axis activity and its links to body mass. Domestic
Animal Endocrinology 68, 39–46.
Hänninen L and Pastell M 2009. CowLog: Open-source software for coding
behaviors from digital video. Behavior Research Methods 41, 472–476.
Hervé J, Terenina E, Haurogné K, Bacou E, Kulikova E, Allard M, Billon Y,
Bach JM, Mormède P and Lieubeau B 2019. Effects of divergent selection
upon adrenocortical activity on immune traits in pig. BMC Veterinary Research
15, 71.
Holl JW, Rohrer GA and Brown-Brandl TM 2010. Estimates of genetic parameters
among scale activity scores, growth, and fatness in pigs. Journal of Animal
Science 88, 455–459.
Horback K and Parsons T 2018. Ontogeny of behavioral traits in commercial
sows. Animal 12, 2365–2372.
Keuroghlian A and Eaton DP 2008. Fruit availability and peccary frugivory in
an isolated Atlantic forest fragment: effects on peccary ranging behavior and
habitat use. Biotropica 40, 62–70.
Kiltie RA 1981. Stomach contents of rain-forest peccaries (Tayassu tajacu and
Tayassu pecari ). Biotropica 13, 234–236.
Koolhaas JM 2008. Coping style and immunity in animals: making sense of indi-
vidual variation. Brain Behavior and Immunity 22, 662–667.
Koolhaas JM, De Boer SF, Coppens CM, and Buwalda B 2010. Neuroendocrinology
of coping styles: towards understanding the biology of individual variation.
Frontiers in Neuroendocrinology 31, 307–321.
Langer P 1978. Anatomy of the stomach of the collared peccary, Dicotyles
tajacu (L., 1758) (Artiodactyla: Mammalia). Zeitschrift für Säugetierkunde 43,
42–59.
Langer P 1979. Adaptational significance of the forestomach of the collared
peccary, Dicotyles tajacu (L. 1758) (Mammalia: Artiodactyla). Mammalia 43,
235–246.
Llonch P, Somarriba M, Duthie CA, Haskell MJ, Rooke JA, Troy S and Turner SP
2016. Association of temperament and acute stress responsiveness with produc-
tivity, feed efficiency, and methane emissions in beef cattle: an observational
study. Frontiers in Veterinary Science 3, 43.
MacKay JRD and Haskell MJ 2015. Consistent individual behavioral variation:
the difference between temperament, personality and behavioral syndromes.
Animals 5, 455–478.
Behavioral differences and nutrient digestibility
9
Mazza V, Dammhahn M, Eccard JA, Palme R, Zaccaroni M and Jacob J 2019.
Coping with style: individual differences in responses to environmental variation.
Behavioral Ecology and Sociobiology 73, 142.
Meagher RK 2009. Observer ratings: validity and value as a tool for animal wel-
fare research. Applied Animal Behaviour Science 119, 1–14.
Neave HW,Weary DM, Von KeyserlingkMAG 2018. Individual variability in feed-
ing behavior of domesticated ruminants. Animal 12 (suppl. 2), 419–430.
Negesse T, Datt C and Kundu SS 2016. Variability in residual feed intake and
nutrient utilization in Murrah buffalo heifers. Tropical Animal Health and
Production 48, 1577–1584.
Nogueira SSC, Silva MG, Dias CTS, Pompéia S, Cetra M and Nogueira-Filho SLG
2010. Social behaviour of collared peccaries (Pecari tajacu) under three space
allowances. Animal Welfare 19, 243–248.
Nogueira SSC and Nogueira-Filho SLG 2011. Wildlife farming: an alternative to
unsustainable hunting and deforestation in Neotropical forests? Biodiversity and
Conservation 20, 1385–1397.
Nogueira SSC, Macedo JF, Sant’Anna AC, Nogueira-Filho SLG and da Costa MJP
2015. Assessment of temperament traits of white-lipped (Tayassu pecari ) and
collared peccaries (Pecari tajacu) during handling in a farmed environment.
Animal Welfare 24, 291–298.
Nogueira-Filho SLG 2005. The effects of increasing levels of roughage on coef-
ficients of nutrient digestibility in the collared peccary (Tayassu tajacu). Animal
Feed Science and Technology 120, 151–157.
Nogueira-Filho SLG, Martins K, Borges RM, Mendes A, Nogueira SSC and
Bindelle J 2018. Intake and digestion of non-traditional feedstuffs by farmed
collared peccary (Mammalia, Tayassuidae). Revista Brasileira de Zootecnia,
https://doi.org//10.1590/rbz4720170288, Published online by Sociedade
Brasileira de Zootecnia 4 October 2018.
Oliveira EG, Santos ACF, Dias JCT, Rezende RP, Nogueira-Filho SLG and Gross E
2009. The influence of urea feeding on the bacterial and archaeal community in
the forestomach of collared peccary (Artiodactyla, Tayassuidae). Journal of
Applied Microbiology 107, 1711–1718.
Oliveira FR, Nogueira-Filho SLG, Sousa MB, Dias CTS, Mendl M and Nogueira SSC
2016. Measurement of cognitive bias and cortisol levels to evaluate the effects of
space restriction on captive collared peccary (Mammalia, Tayassuidae). Applied
Animal Behaviour Science 181, 76–82.
Olmos F 1993. Diet of sympatric Brazilian caatinga peccaries (Tayassu tajacu and
T. pecari ). Journal of Tropical Ecology 9, 255–258.
Ouweltjes W, Verschuren LMG, Pijlman J, Bergsma R, Schokker D, Knol EF,
van der Aar PJ, Molist F and Calus MPL 2018. The repeatability of individual
nutrient digestibility in pigs. Livestock Science 207, 63–67.
Pérez de Nanclares M, Trudeau MP, Hansen JØ, Mydland LT, Urriola PE,
Shurson GC, Piercey Åkessonc C, Kjosa NP, Arntzend MØ, Øverlanda M
2017. High-fiber rapeseed co-product diet for Norwegian Landrace pigs:
effect on digestibility. Livestock Science 203, 1–9.
Rauw WM, Johnson AK, Gomez-Raya L and Dekkers J 2017. A hypothesis and
review of the relationship between selection for improved production efficiency,
coping behavior, and domestication. Frontiers in Genetics 8, 134.
Réale D, Reader SM, Sol D, McDougall PT and Dingemanse NJ 2007.
Integrating animal temperament within ecology and evolution. Biological
Reviews 82, 291–318.
Robert S, Dancosse J and Dallaire A 1987. Some observations on the role of envi-
ronment and genetics in behaviour of wild and domestic forms of Sus scrofa
(European wild boars and domestic pigs). Applied Animal Behaviour Science
17, 253–262.
Robbins CT 1993. Wildlife feeding and nutrition, 2nd edition. Academic Press
Inc., San Diego, CA, USA.
Rohrer GA, Brown-Brandl TM, Rempel LA, Schneider JF and Holl JW 2013.
Genetic analysis of behavior traits in swine production. Livestock Science
157, 28–37.
Ruis MA, te Brake JH, Engel B, Buist WG, Blokhuis HJ and Koolhaas JM
2002. Implications of coping characteristics and social status for welfare and
production of paired growing gilts. Applied Animal Behaviour Science 75,
207–231.
Sant’Anna AC and Paranhos da Costa MJP 2013. Validity and feasibility of quali-
tative behavior assessment for the evaluation of Nellore cattle temperament.
Livestock Science, 157, 254–262.
Sih A, Bell A and Johnson JC 2004. Behavioral syndromes: an ecological and
evolutionary overview. Trends in Ecology & Evolution 19, 372–378.
Sowls LK 1997. Javelinas and other peccaries: their biology, management, and
use, 2nd edition. Texas A&M University Press, College Station, TX, USA.
Van Oers K, De Jong G, Van Noordwijk AJ, Kempenaers B and Drent PJ 2005.
Contribution of genetics to the study of animal personalities: a review of case
studies. Behaviour 142, 1185–1206.
Vazire S, Gosling SD, Dickey AS and Schapiro SJ 2007. Measuring personality in
nonhuman animals. In Handbook of research methods in personality psychology
(ed. RW Robins, RC Fraley and RF Krueger), pp. 190–206. Guilford Press, New
York, NY, USA.
Voisinet BD, Grandin T, Tatum JD, O’connor SF and Struthers JJ 1997. Feedlot
cattle with calm temperaments have higher average daily gains than cattle with
excitable temperaments. Journal of Animal Science 75, 892–896.
Wemelsfelder F, Hunter TEA, Mendl MT and Lawrence AB 2001. Assessing
the ‘whole animal’: a free choice profiling approach. Animal Behaviour 62,
209–220.
Westrick SE, van Kesteren F, Palme R, Boonstra R, Lane JE, Boutin S, McAdam AG,
Dantzer B 2019. Stress activity is not predictive of coping style in North
Americanmred squirrels Behavioral Ecology and Sociobiology 73, 113.
Yoder CL, Maltecca C, Cassady JP, Flowers WL, Price S and See MT 2011. Breed
differences in pig temperament scores during a performance test and their phe-
notypic relationship with performance. Livestock Science 136, 93–101.
Borges, Nogueira-Filho, Cairo, Nogueira, Mendes, Aldrigui, Vandenheede and Bindelle
10
